Introduction
[2] It is well known that "no two El Niño events are quite alike" [Wyrtki, 1975] , yet the typical evolution of such an event was thought to consist in an initial warming off South America and later in the central equatorial Pacific during austral summer (DJF) [Wyrtki, 1975; Rasmusson and Carpenter, 1982] . This belief changed with the extraordinary 1982-83 and 1997-98 El Niño events, which had large amplitudes and different evolutions with respect to the "canonical" composite [Cane, 1983] , particularly as the maximum anomalies occurred simultaneously in the eastern and central equatorial Pacific during austral summer. This motivated descriptions of El Niño based on a single pattern and index (see discussion by Larkin and Harrison [2002] ). Trenberth and Stepaniak [2001] proposed an additional index to regain the ability to describe the evolution of El Niño and its diversity of patterns (Trans-Niño Index or TNI).
[3] Recently, several studies argue for the existence of a different type of El Niño with SST anomalies concentrated in the central equatorial Pacific, [Larkin and Harrison, 2005; Ashok et al., 2007; Kug et al., 2009; Kao and Yu, 2009] , even arguing that it is a phenomenon distinct from ENSO , and there has been an increasing interest in determining the characteristics of its evolution, dynamics and associated teleconnections [e.g., Weng et al., 2007; Kao and Yu, 2009; Kug et al., 2009; Yu and Kim, 2010] .
[4] Furthermore, there is evidence that this type of El Niño has been more frequent during the last decades [Yeh et al., 2009; Lee and McPhaden, 2010] . Moreover, some climate models indicate an increase in the frequency of occurrence of this new El Niño under anthropogenic climate change [Yeh et al., 2009] .
[5] The present study is aimed at providing a new interpretation of the various Niño indices and classifications and at improving our understanding of the relationship between the central Pacific type of El Niño, the "canonical" El Niño and the extraordinary events. In particular, we present evidence that suggests that these are all part of the same non-linear phenomenon rather than independent modes of variability.
Data and Methodology
[6] We calculated the EOF modes from monthly SST anomalies from the Hadley Centre Global Sea Ice and Sea Surface Temperature (HadISST) dataset version 1.1 [Rayner et al., 2003] in an equatorial Pacific domain, bounded by 10°S-10°N and the lateral coasts. We take 1979-2009 as the base period for all climatologies, EOFs and correlations, approximately the same as Ashok et al. [2007] . We then projected the entire dataset (January 1870-August 2010) on the EOF patterns to obtain the principal components (PC) for this longer period. The PCs were normalized by the standard deviation for the base period and smoothed with a 1-2-1 filter. Dimensional spatial SST patterns were then obtained by linearly regressing the SST anomaly fields onto these PCs. Our domain is more confined to the equator than the one used by Ashok et al. [2007] , as tests showed that it resulted in EOF modes that were less sensitive to the time domain considered.
[7] We performed a similar EOF decomposition on the SST data from three numerical climate models: 500 years from the pre-industrial unforced control run from the NOAA GFDL CM2.1 climate model [Wittenberg et al.,2006; Kug et al., 2010] , a 1200-year run with Zebiak and Cane's [1987] intermediate coupled ocean-atmosphere model (ICM) for the tropical Pacific, and a 800-year run with the LODCA ICM [Dewitte and Gushchina, 2010] in which the ocean model described by Dewitte [2000] is coupled to the QTCM atmosphere model Zeng et al., 2000] . These models are considered because they account for the diversity of physics and complexity for modeling the tropical Pacific interannual variability.
Analysis and Results
[8] The first two PCs combined explain most of the variance (68% and 14%, respectively) in the domain. Using multiple regression, we linearly combined the PCs to estimate the values of El Niño indices (traditional Niño indices [e.g., Trenberth and Stepaniak, 2001] , the TNI [Trenberth and Stepaniak, 2001] and the El Niño Modoki Index (EMI) . For example, Niño 3.4* = 0.82 PC1 + 0.21 PC2, where * denotes the estimate. As shown in Figure 1 , each of such linear combinations corresponds to a rotation around the origin in the PC1-PC2 space. The coefficients of determination (R 2 ) associated with these fits are very high (95% or more), so hereafter we will make no explicit distinction between the actual indices and their estimates. The correlation coefficient between any two such indices is given by the cosine of the angle between the corresponding axes. For example, we verify that the TNI and EMI are significantly correlated, while Niño 3 and EMI are almost uncorrelated (Figure 1 ). Any given climate state corresponds to a point in the PC1-PC2 space and we can read the value for each of the Niño indices from the corresponding axis in Figure 1 .
[9] The classification of events into Central Pacific [Yeh et al., 2009] or Modoki El Niño can be shown as regions in PC1-PC2 space (see caption of Figure 1 for the criteria used in both cases), and we see that neither reflects a preferential clustering of climate states (Figure 1 ), so from this perspective there is no evidence that they depict a new type of phenomenon separate from ENSO, as argued by Ashok et al. [2007] . Interestingly, the "canonical" El Niño composite [Rasmusson and Carpenter, 1982] is closer to the Modoki category than to the two extraordinary El Niño events of 1982-83 and 1997-98, while the "canonical" 1957-58 event clearly classifies as Modoki (Figure 1 ).
[10] On the other hand, from Figure 1 we can clearly identify two ENSO regimes: the regime of extraordinary warm events (the 1982-83 and 1997-98 events, as well as the 1877-78 event, not shown) and the regime that includes the cold, neutral, and moderately warm years. The states in the second regime are approximately located along a diagonal axis in the PC1-PC2 space, labelled as "C-index". For convenience, an orthogonal axis labelled "E-index" is included, which quantifies the departure from the C axis. The corresponding indices are defined as:
which is equivalent to rotating the PC1 and PC2 axes by 45°.
We can see, based on the angles between the axes in Figure 1 , that C and E are well correlated with the central (Niño 4; R = 0.98) and eastern (Niño 1 + 2; R = 0.94) Pacific SST indices, respectively, and we can approximately calculate them as:
with R 2 = 98 and 95%, respectively.
[11] The two regimes are more clearly seen in monthly values for the October-March period (Figure 2a ), which present a boomerang-shaped distribution. For the extraordinary regime (PC1 > 2) the distribution is along the E axis (R = −0.65 between PC1 and PC2), but along the C axis (R = 0.64) for the moderate (PC1 < 2) regime. We emphasize that the selection of these axes obeys the directions preferred by the system, so the axes have dynamical meaning, in contrast to the axes PC1-PC2, which result from the maximization procedure of SST variance explained by these modes.
[12] This same behavior is encountered in two other observational SST estimates (ERSST v3b [Smith et al., 2008] and Kaplan SST v2 [Kaplan et al., 1998 ]; not shown), but is much clearer in the model data (Figures 2b-2d ), which contain a substantially larger number of extraordinary warm events. The fact that even Zebiak and Cane's [1987] ICM is able to depict this behavior indicates that it is not essential to invoke mechanisms external to the tropical Pacific to explain the different regimes, although we do not rule out their role as drivers [e.g., Vimont et al., 2001] .
[13] The spatial patterns of SST associated with the EOFs (Figures 3a and 3b) are similar to the ones reported by Ashok et al. [2007] , although our second mode does not show the signal in the far-western tropical Pacific seen in their "Modoki" pattern due to a more equatorially-confined domain. Using the domain of Ashok et al. [2007] and the slightly longer time period used in this study yields patterns essentially the same as theirs, but a long period yields a second EOF mode that lacks the negative loadings in the western Pacific, similar to the ones obtained in this study. The first mode (Figure 3a) explains most of the variance in the Niño 3 region whereas the second mode (Figure 3b ) explains up to 40% in the Niño 4 region with weak loadings of opposite sign around the Niño 1 + 2 region. The corresponding patterns in the climate models (not shown) are qualitatively similar.
[14] The SST patterns associated with the E and C indices, on the other hand, are both ENSO-like (Figures 3c and 3d) . The E pattern has its strongest amplitude and explained variance along the eastern equatorial Pacific (east of 120°W) and along the coast of Peru (Figure 3c) , whereas the C pattern has its amplitude and explained variance in the central equatorial Pacific (170°E-100°W, maximum in the Niño 4 region; Figure 3d ).
[15] Since extraordinarily warm and strongly cold events belong to different regimes, their SST patterns are different. In particular, the C pattern (Figure 3d) , is similar to the pattern obtained by compositing warm and cold events and averaging the patterns [Hoerling et al., 1997, Figure 7c ], while the E pattern (Figure 3c ), describes the difference between them [Hoerling et al., 1997, Figure 7d ]. This is reflected by the positive (negative) skewness of 1.78 (−0.62) for the E (C) index.
[16] The E and the C patterns are also similar to Rasmusson and Carpenter's [1982] composite SST anomalies for the "peak" and the subsequent "mature" phases, respectively, of the evolution of the composite warm El Niño event. In this "canonical" El Niño, the event starts near the positive E axis, with warming off Peru between April and July, and then evolves towards the positive C axis, with warming in the central equatorial Pacific in the austral summer, as shown in Figure 4a .
[17] On the other hand the extraordinary 1877-78, 1982-83, and 1997-98 warm events started with positive C index values and then strongly developed towards positive E index values (Figure 4b) . Thus, the warming in the equatorial Pacific and along the coast of Peru was much stronger and took place later along the evolution of the event compared to the canonical El Niño. The transition to normal/cold conditions on the C-index axis takes place only during the April-September period, within the positive E/negative C quadrant (Figure 2a) .
[18]T h e"Central Pacific" El Niño events ] go through a negative E phase during austral winter (Figure 4c) , except for the strong 2009-10 event. Their states in austral summer are clustered around the positive C axis, close to several of those of "canonical" events ( Figure 4a ) and other moderately warm events (Figure 4d ), but far from the extraordinary warm events (Figure 4b ). Hence, during austral summer, the moderate El Niño events, including the "Modoki" or "Central Pacific" events, can be considered part of a single category distinct from the extraordinary warm events.
Discussion and Conclusions
[19] Trenberth and Stepaniak [2001] recognized that at least two degrees of freedom are needed to describe ENSO evolution and the differences between events, and suggested that the TNI and Niño 3.4 indices would serve this purpose. On the other hand, Ashok et al. [2007] argued that the first and second EOF modes of the tropical Pacific SST anomalies, closely related to the Niño 3.4 index and TNI, respectively, actually describe two separate phenomenon, as the two indices evolve differently during the so-called "El Niño Modoki" events and during the canonical El Niño [Rasmusson and Carpenter, 1982] . However, the change in phasing in the mid 1970s [Trenberth and Stepaniak, 2001 ], a key argument for the case that "El Niño Modoki" is a phenomenon distinct from ENSO , is mainly due to the extraordinary 1982-83 and 1997-98 El Niño events and not to the Modoki-type events (this was verified by recalculating the lagged correlations after setting both indices to zero for the periods 1982-83 and 1997-98; Figure AM1 of Text S1 of the auxiliary material).
1 On the other hand, other warm events in this period have not conformed to the "canonical" evolution, while cold events have [McPhaden and Zhang, 2009] . Our equatorial EOF2 also projects onto the Pacific meridional mode of Chiang and Vimont [2004] , which explains the nonlinear relation of the latter and ENSO.
[20] Here we define two indices, the E and C indices, that are by construction independent (i.e., uncorrelated) and that best depict the complexity of ENSO, respectively describing the regimes that account for a) extreme warm events and b) ordinary cold and moderately warm events. The C index is the one that best relates to the so-called "El Niño Modoki", although its pattern shares many characteristics with the canonical El Niño of Rasmusson and Carpenter [1982] .
[21] The regime of extreme warm events is illustrated in nature by the 1982-83 and 1997-98 events and, to a lesser extent, by the 1877-78 event. Focusing the study of ENSO towards this extreme regime suggests that El Niño is episodic rather than cyclic [Kessler, 2002] and theoretical work along this line has led to simple models that produce a bursting behavior and asymmetry [Timmermann et al.,2003; Schopf and Burgman, 2006; Boucharel et al., 2009] . However, the perspective of an episodic El Niño does not consider the moderate regime, and neither do the simple models based on this view. On the other hand, that Zebiak and Cane's [1987] model reproduces some aspects of the two regimes suggests that more adequate simple models could be developed to account for the peculiarities of both types of events. It is important to note that these models require at least three degrees of freedom to reproduce the bursting behavior, so for modeling or forecasting purposes, another independent parameter (e.g., associated with subsurface temperature) is needed in addition to the C and E indices.
[22] We note that the austral summer SST anomaly patterns during moderate warm events (both canonical and Modoki) are quite similar to that associated with positive C index. Canonical and Modoki events differ mainly in the austral winter, notably with the lack of the precursor warming off Peru in the case of the "El Niño Modoki" . Cane [1983] noted in relation to the extraordinary 1982-83 event, such a "first phase of the typical El Niño is not essential". Its absence does not imply necessarily a different kind of phenomenon. On the other hand, there is evidence that suggests that the variability off Peru can significantly affect the basin-wide dynamics [Toniazzo, 2010] , so its importance can not yet be dismissed. It is interesting to note that the 2009-10 event, perhaps the strongest event on record in the central Pacific [Lee and McPhaden, 2010] , presented a small precursor warming off the Peruvian coast (Figure 4c ), in contrast to the Modoki-type events.
[23] Lee and McPhaden [2010] show a positive trend in Niño 4 SST peaks during El Niño events and argue that this drives the overall warming in this region. However, the contribution of warm events to this trend is sensitive to what time of the year is considered and only during the last third of the calendar year do warm conditions present a substantially larger trend than neutral conditions ( Figure AM2 of Text S1), suggesting that El Niño is perhaps only partly responsible for the warming. Nevertheless, we also find that C (closely related to Niño 4; equation (3)) has a positive trend in its variability ( Figure AM3b of Text S1) as well as in the mean ( Figure AM3a of Text S1) after 1950, but its skewness shows a trend towards more negative values, suggesting an increase in the intensity of cold events, consistent with the trend during cold ENSO conditions that is negative relative to that during neutral conditions ( Figure AM2 of Text S1). With respect to E, there is a negative trend in the variability associated with cold and moderately warm events (i.e., the extreme 1982-83 and 1997-98 events are removed first) (Figures AM3b and AM3c of Text S1), which takes place mainly during the austral winter (not shown), consistent with the disappearance of the precursor warming off South America. The combination of these trends in the cold and moderately warm regime indicates to a shift in variability towards the central Pacific, with stronger cold events in this region.
[24] This appears consistent with projections of future changes in ENSO [e.g., Yeh et al., 2009 ], but we argue that unless the models can reproduce both cold/moderately warm and extreme warm regimes, the projections will be incomplete, at best. In particular, despite some advances on this issue [e.g., Wang and An, 2001; Kim and An, 2011] , the controls on the likelihood of the occurrence of extreme warm events are not well understood and, considering that climate models are still generally deficient in the far eastern Pacific [Bretherton, 2007] and that this area could significantly influence the rest of the basin [Toniazzo, 2010] , it seems likely that our projections related to extreme warm events will suffer accordingly.
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